The enzyme-based test methods Enterolert, Chromocult Enterococci agar, and mEI agar, used to assess water quality through the detection Enterococcus spp., have been compared in terms of their analytical specificity and their ability to detect various enterococcal strains. To achieve this goal, we have tested 110 different non-enterococcal bacterial strains and 101 strains of Enterococcus spp. isolated from diverse origins. The results obtained showed that 69 (68.3%), 84 (83.2%), and 89 (88.1%) of the 101 enterococcal strains tested respectively yielded a positive signal with Enterolert, mEI, and Chromocult Enterococci. Regarding the specificity, none of the non-Enterococcus spp. strains tested were detectable by any of the three culture methods, except for Granulicatella adiacens which turned out positive on Chromocult Enterococci. The results of this study showed that, based on our collection of strains, the Enterolert test method detected less enterococcal strains than the two other methods.
INTRODUCTION
Species of Enterococcus genus are commonly found in intestinal tract and faeces of humans and other warmblooded animals (Hardie & Whiley 1997) . Although some strains are found in the environment (Kö hler 2007) and thus, not related to fecal pollution, the presence of Enterococcus spp. is an indication of fecal pollution and thus, an indication of the possible presence of enteric pathogens in water (Miescier & Cabelli 1982) . In the United States, Enterococcus spp. detection tests are recommended to measure the microbial quality of ambient fresh and marine recreational water (US Environmental Protection Agency 2005).
Selective and differential culture media could be used to detect the presence of enterococci in water. EnterolertY (Enterolert, IDEXX Laboratories, Westbrook, ME, USA), Chromocult w Enterococci (Chromocult; Merk KGaA, Darmstadt, Germany), and mEI agar (mEI; BD, Franklin Lakes, NJ, USA) are three commercial test methods based on the determination of b-glucosidase enzyme activity which are used to detect enterococci in water samples within 24 hours. using the membrane filtration method according to the ISO draft standard 7899/2, the Chromocult Enterococci, and the Enterolert (Heiber et al. 1998) . Considering that enzymatic activities can be transient and highly regulated by environmental factors, a study comparing the analytical limits of these methods using pure cultures of bacteria is needed to establish their relative analytical rate of specificity and their ability to detect a wide range of target Enterococcus spp.
In this study, we compared three commercial b-glucosidase test methods (Enterolert, Chromocult Enterococci agar, and mEI agar) using a new Enteroccus spp.-specific PCR assay and a collection of bacteria representing strains of different geographical origins and serotypes obtained in both fecal and environmental settings.
More specifically, we have determined their ability to detect target enterococci as well as non-enterococcal strains (specificity testing).
MATERIALS AND METHODS

Bacterial strains
The ability of the Enterococcus-specific PCR assay, Enterolert Y , Chromocult w enterococci agar, and mEI agar, to detect enterococci strains was verified using 101 different strains of Enterococcus spp. (Table 1) . These strains were obtained from various sources: ATCC (n ¼ 23), Centre The specificity of the Enterococcus-specific PCR, the Enterolert Y , the Chromocult w enterococci agar, and the mEI agar was studied by using 110 reference and environmental non-enterococcal strains consisting of 62 gramnegative and 48 gram-positive bacterial species (Table 2) .
Their identity was reconfirmed by phenotypic conventional methods or with an automated MicroScan Autoscan-4 system equipped with a Positive BP Combo Panel Type 6 (Siemens Healthcare Diagostic Inc., Newark, DE, USA).
Bacterial strains were grown from frozen stocks, kept at 2808C in brain heart infusion (BHI) medium (Becton, Dickinson and Company, Mississauga, Ontario, Canada) containing 10% glycerol, and cultured on sheep's blood agar. Three culture passages were performed prior to inoculation.
Bacterial suspension preparation
Each bacterial strain described in Tables 1 and 2 was grown to semi-logarithmic phase (0.5 -0.6 OD 600 ) and adjusted to a 0. Enterococci and mEI agar was tested for performance using pure cultures of target and non-target microorganisms, as recommended by the manufacturers. Tests to confirm sterility of the filter membranes and buffer used for rinsing the filtration apparatus were also performed (APHA 2005).
Liquid culture method
For the detection of enterococcal strains with Enterolert Y , preparation, validation, storage, and handling steps were all performed according to the manufacturer's instructions.
Briefly, one snap pack containing the Enterolert Y reagent (IDEXX Laboratories Canada Corp., Toronto, Ontario, Canada) was dissolved in 100 ml of spiked water sample.
The solution was then added to a Quanti-Tray w , sealed, and incubated at 41.0^0.58C for 24 h^2 h prior to the identification of enterococci positive samples presenting fluorescence under UV light (l ¼ 365 nm). 
PCR primers
The detection of the enterococci at the genus level was achieved by targeting the tuf gene, which encodes for the elongation factor EF-Tu (Ke et al. 1999) . (5 0 -ACTTGTCCACGTTSGATRTCT-3 0 ), which generate genus-specific amplicons of 307 base pairs (primer degen-
Oligonucleotides were synthesized by Integrated DNA Technologies (Coralville, IA).
Enterococcus-specific PCR assay
For each bacterial strain, PCR amplification was performed from a mid-log bacterial culture whose turbidity was adjusted to that of a 0. Laboratories, Hercules, CA). Agarose gel analysis of the amplified PCR products was performed as previously described (Martineau et al. 1998) .
RESULTS
Detection of enterococcal strains
Enterococcal strains (n ¼ 101) isolated from fecal and environmental settings as well as from different geographic origins were used to demonstrate the ability of the three culture methods to detect enterococci (Table 1) rRNA gene sequence analysis of these 2 bacteria revealed that they all belong to the Enterococcus genera (Table 3) .
Finally, a strain of Granulicatella adiacens, based on phenotypic and genetic identification, yielded a falsepositive result with Chromocult Enterococci. Performance of the Enterococcus-specific PCR assay
The ability of the PCR assay to detect all 101 enterococcal isolates was demonstrated by testing genomic DNA extracted from these strains (Table 1) . This assay was found to yield a positive signal for all enterococcal strains ( (Heiber et al. 1998) .
The ability to detect enterococci was also verified with environmental isolates only. Again, Enterolert showed the lowest detection level of environmental enterococci strains (51.9%), whereas almost all (96.3%) of these enterococcal strains were detectable with both Chromocult Enterococci and mEI. As stated by Leclerc et al. (1996) , the genus of Enterococcus contains many diverses species. Thus, it is very difficult to provide a defined phenotypic test allowing a good genus identification and it might not be possible to identify all species without detecting non-enterococcal species (Leclerc et al. 1996) . However, the poor perform- (Budnick & Howard 1996) , while 6.0% of false-positive and 6.5% of false-negative results have been reported for mEI in recreational water for mEI (Messer & Dufour 1998) . The higher level of false-negative results with mEI could be explained by the fact that environmental samples harbour a heterogenic population of bacteria and also because the techniques used to established these rates are different from one experiment to another. The chance that a contaminated water sample only contains strains that are undetectable by one of these methods is quite low.
However, it cannot be excluded that a lower rate of detection of enterococci could be observed with Enterolert tested on natural water samples presenting a low diversity of strains or containing a low level of bacterial contamination.
CONCLUSION
In conclusion, the Enterolert method was shown to detect from 15 to 20% less b-glucosidase-producing enterococcal strains as compared to Chromocult Enterococci and mEI test methods. However, with the exception of G. adiacens on Chromocult Enterococci, no other non-enterococcal strain tested positive by any of those methods. The
Enterococcus-specific PCR assay developed here could represents a promising tool for rapid identification of presumptive colonies isolated on media for detection of b-glucosidase production in enterococci.
